Introduction
The Accelerator Test Facility 2 (ATF2) [1, 2] is the test facility with an International Linear Collider (ILC) [3] type final focus line, designed to reach a vertical beam size of 37 nm at the optical focal point (hereafter referred to as IP, interaction point, by analogy to the linear collider collision point). To achieve such a nanometer scale beam size, a number of optical parameters must be tuned experimentally to correct for imperfections in the beam line magnets and alignment. Such errors should not be too large for the tuning algorithm to work. In addition, the magnetic field in the magnets must respect tight tolerances on their higher order multipole content (sextupole, octupole, decapole, dodecapole,…), especially at some critical locations in the beam line.
There are seven dipoles, forty-three quadrupoles and five sextupoles installed in the ATF2 beam line, which consists of the extraction line (EXT) and the final focus line (FFS). Among the forty-three quadrupole magnets, twenty-seven are of the same type and are named QEA-D32T180 (hereafter referred to as QEA). They are part of a set of thirty-four magnets manufactured by IHEP, including also six magnets installed in the ATF damping ring and one kept as a spare [4] . Field measurements were conducted at IHEP, and later at KEK, to evaluate the multipole content of this set of magnets.
In this paper, the strength and tilt angle of the QEA magnet multipoles were reconstructed from the IHEP measurements and compared with recent KEK results.
An analysis of the sensitivity to the skew multipole components of QEA magnets -the most dangerous ones in the case of beams with very large x/y aspect ratios -is then reported, to identify which ones have the largest influence on the IP vertical beam size. Finally, a detailed study of possible mitigation strategies is presented for both the nominal and reduced optics [5] . were later done at KEK as cross-check. Only the sextupole and octupole components were analyzed from these latter measurements, as it was shown that they are the most important ones for the IP vertical beam size [6] .
The amplitude of the n th multipole n A is proportional to the sine of multipole rotation angle 
Skew multipole sensitivities
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Mitigation strategies 4.1 IP beam size from tracking in the nominal optics
The analysis in Section 3 identified the six QEA magnets with the largest effects. Tracking simulations with 10000 input particles, using an energy spread E =0.1%, were done for the nominal ATF2 optics, in three cases: Results for the above described cases are displayed in Table 2 . The sextupoles used for chromaticity correction were refitted each time. The RMS beam size is the standard evaluation including the beams tails, while the Gauss fit method consists of fitting a Gaussian to the core of the particle distribution.
The beam size growth at the IP is more important using IHEP than KEK measurements. For the KEK case, removing the multipoles in the six worst QEA magnets does not provide a significant improvement.
Enlarging x and swapping magnets
Three approaches can be considered to mitigate the effects of multipoles in the ATF2 final focus optics: 
Conclusions and prospects
The QEA magnet multipole strengths and rotation It was found that for the nominal y optics, swapping the magnets is not required to achieve a close to 50nm vertical beam size. This is true especially if the more recent KEK measurements are used, while to cover also the case of the older IHEP measurements, increasing x from 0.4cm up to between 1cm and 2cm can be considered as a conservative approach.
For the reduced y optics, the field quality in the final doublet also influences the vertical beam size. In this case, both swapping and improving the final doublet are necessary irrespective of which of the KEK or IHEP measurements are trusted. The CERN group is now leading an effort in this direction, which will also involve further detailed checks of effects from the final doublet multipoles.
